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On the pulsation parallax of the variable star RR Lyr
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ABSTRACT
We show that a straightforward application of the predicted relation connecting the
absolute K magnitude of fundamental RR Lyrae variables to their period and metal
content, together with current evolutionary predictions on the mass and luminos-
ity of Horizontal Branch stars, supply a distance estimate to the prototype star RR
Lyr in close agreement with the recent parallax determination by HST (Benedict
et al. 2002), largely unaffected by the interstellar extinction correction. Adopting
< AV >=0.12±0.10 mag as a safe estimate of the extinction correction to RR Lyr,
we obtain a ”pulsation” parallax pipuls=3.858±0.131 mas which agrees quite well,
and with a smaller formal error, with the HST measurement (piabs=3.82±0.20 mas)
and with the weighted average of HST, Hipparcos, and ground-based determinations
(< piabs >=3.87±0.19 mas). This result suggests that near-infrared magnitudes and
pulsation models could constrain the distance to well-studied RR Lyrae stars, both in
the field and in globular clusters, with an accuracy better than current direct trigono-
metric measurements.
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1 INTRODUCTION
The intrinsic luminosity of RR Lyrae variables and its de-
pendence on metal content are widely debated issues in the
recent literature, mainly because of the relevance in deter-
mining the distance to globular clusters, and in turn the age
of these old primeval stellar systems. Unfortunately, neither
empirical nor theoretical approaches have provided firm es-
timates of the absolute magnitude of RR Lyrae stars yet (see
Caputo et al. 2000, and references therein), nor the trigono-
metric parallaxes measured by HIPPARCOS for a limited
sample of field RR Lyrae stars are precise enough to put
sound constraints on such a parameter (see Cassisi et al.
1998; Fernley et al. 1998, hereinafter F98; Groenewegen &
Salaris 1999). In this context, new and accurate data on the
distance to these variables appear of great relevance and
could help to establish the absolute distance scale of RR
Lyrae stars.
In a recent investigation, Benedict et al. (2002, here-
inafter B02) use new astrometric data collected with FGS 3,
the interferometer on board the Hubble Space Telescope
(HST), to provide an accurate estimate of the absolute
trigonometric parallax of the variable star RR Lyr, namely
piabs=3.82±0.20 mas. The uncertainty affecting this esti-
mate is approximately a factor of three smaller than the
uncertainty of the HIPPARCOS parallax (piabs=4.38±0.59
mas; Perryman et al. 1997), and dramatically smaller than
the error affecting the average ground-based measurement
(piabs=3.0±1.9 mas; van Altena, Lee, & Hoﬄeit 1995, here-
inafter YPC5). According to the HST parallax, one derives
for RR Lyr a true distance modulus µ0=7.090±0.114 mag,
while the weighted average of HST, Hipparcos, and YPC5
results (< piabs >=3.87±0.19 mas) yields µ0=7.061±0.107
mag.
In this letter we show that a straightforward application
of theoretical constraints concerning the predicted K-band
magnitude of fundamental RR Lyrae stars does provide a
distance to RR Lyr which is in close agreement with the
HST result, and with a smaller formal error.
2 K-BAND PARALLAX
It has already been suggested that several problems affecting
the RR Lyrae distance scale can be overcome using K-band
magnitudes. In a seminal empirical investigation, Longmore
et al. (1990) found that RR Lyrae stars do obey a tight
Period-Luminosity relation (PLK) in this band. Moreover,
K-band data present additional advantages when compared
with optical ones: they are marginally affected by uncertain-
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ties on reddening and present a smaller dependence on metal
content, as well as a smaller luminosity amplitude. These in-
teresting features were soundly enriched by the empirical ev-
idence brought forward by Longmore et al. (1990) that the
slope of the PLK relation is, within observational errors,
quite constant when moving from metal-poor to metal-rich
cluster RR Lyrae stars.
These findings have recently found theoretical support.
Based on a wide grid of nonlinear, convective pulsation mod-
els, and using bolometric corrections and color-temperature
transformations by Castelli, Gratton & Kurucz (1997a,b),
we predicted (Bono et al. 2001, Paper I) that RR Lyrae
stars obey a very tight relation connecting the absolute
K-band magnitude, period, intrinsic luminosity, and metal
abundance, i.e. a PLZK relation. This relation is character-
ized by a mild dependence on stellar luminosity and metal
content.
We have implemented this theoretical framework by
computing new sequences of fundamental (F) and first-
overtone (FO) models that cover in great detail the range of
metallicity (Z=0.0001 to Z=0.02), luminosity (logL/L⊙ ∼
1.5 to 1.8), and mass (M/M⊙ ∼ 0.5 to 0.8), as expected for
field and globular cluster RR Lyrae stars, adopting a helium-
to-metal enrichment ratio ∆Y/∆Z ∼ 2.5. The full set of F
and FO models will be presented and discussed in a forth-
coming paper (Bono et al. 2002, Paper III). Here we report
that, according to this theoretical scenario, the predicted
absolute K magnitude of F pulsators is correlated with the
period (P in days), metal content (Z), stellar mass (M in
solar units) and luminosity (L in solar unitis) as follows:
MK = 0.511−2.102 logP+0.095 logZ−0.734 logL−1.735 logM/Mr
(1)
with an intrinsic standard deviation of σK=0.016 mag. The
values of the reference mass Mr for the various assumptions
on the metallicity are given in Table 1, as chosen to roughly
account for the correlation between metal content and mass
of Zero Age Horizontal Branch (ZAHB) models populating
the RR Lyrae instability strip, i.e. for effective temperatures
ranging from 5900 to 7100 K. For the sake of comparison,
Table 1 also lists the evolutionary mass (with an average
uncertainty ∼ 2%) of ZAHB models with logTe=3.85 and
3.80, as predicted by evolutionary computations available in
the recent literature.
In agreement with the conclusions presented in Paper
I, we find that the predicted fundamental PLZK relation
presents a quite small dependence on stellar luminosity (a
variation of 0.1 dex in luminosity yields δMK ∼ 0.07 mag),
and metal abundance (a variation of 0.3 dex in metallicity
yields δMK ∼ 0.03 mag). This evidence suggests that the
near-infrared magnitudes of RR Lyrae stars could be excel-
lent standard candles to estimate the distance to field and
globular cluster variables.
We can now use the predicted PLZK relation together
with the observed near-infrared magnitude K = 6.54± 0.04
mag (Fernley, Skillen & Burki 1993) of RR Lyr to derive a
pulsation parallax to be compared with the HST trigono-
metric measurement.
According to B02, the interstellar extinction toward
RR Lyr is < AV >=0.07±0.03 mag. Since AK ∼ 0.11 AV
(Cardelli et al. 1989), this yields that the infrared extinction
Table 1. For each adopted metal content, we list the refer-
ence mass Mr and the evolutionary mass of ZAHB models with
logTe=3.85 and 3.80. The mass values are in solar units.
Z Mr M(3.85) M(3.80)
0.0001 0.75 0.796 0.852
0.0004 0.70 0.699 0.721
0.001 0.65 0.648 0.666
0.006 0.58 0.585 0.589
0.01 0.58 0.575 0.578
0.02 0.53 0.545 0.546
correction is at most of the order of 0.01 mag and there-
fore it can be neglected. Thus, on the basis of the HST
true distance modulus (7.090±0.114 mag, B02) one finds
MK=−0.550±0.118 mag, where the error is practically given
by the uncertainty on the absolute trigonometric parallax.
On the theoretical side, the predicted PLZK relation
[eq. (1)] provides an independent estimate of the near-
infrared absolute magnitude, once the metallicity, the mass,
and the luminosity of the variable are known. As for the
metallicity of RR Lyr, the measured iron-to-hydrogen ratio
[Fe/H]=−1.39 (F98) implies a metal abundance Z ∼ 0.0008,
or slightly larger if the α-elements are overabundant with re-
spect to iron (Clementini et al. 1995). Thus, accounting for
±0.15 dex as a typical uncertainty on the measured iron
content, we estimate that the metallicity of RR Lyr should
range from Z=0.0005 to Z=0.001. For the sake of the dis-
cussion, let us first adopt the upper limit Z=0.001.
According to this assumption, one can derive the stel-
lar mass and luminosity on the basis of evolutionary con-
straints for Horizontal Branch (HB) models. Taking into
consideration the discrepancies still affecting current theo-
retical predictions on the ZAHB luminosity (see, e.g., Castel-
lani 1999; Ferraro et al. 1999; Caputo et al. 2000; Vanden-
Berg 2000), as well as the increase in luminosity expected by
post-ZAHB evolution, we end up with logL/L⊙=1.70±0.05.
As for the stellar mass, thanks to the excellent agreement
among the various authors about this parameter, from the
evolutionary masses listed in the previous Table 1 we derive
M=0.657±0.018M⊙ . We note that current uncertainties on
the ZAHB luminosity and/or the evolutionary status of RR
Lyr introduce an uncertainty on MK of only 0.037 mag,
while the uncertainty on the mass gives an even smaller er-
ror, namely ∼ 0.02 mag.
Including these uncertainties in quadrature, and
since the pulsation period of RR Lyr is logP=−0.2466
(Hardie 1955), the predicted PLZK relation supplies
MK=−0.512±0.045 mag, that is well within the error bar
of the HST-based estimate (MK=−0.550±0.118 mag), and
with a much lower (formal) uncertainty mainly introduced
by the uncertainty on the luminosity. By repeating this eval-
uation but with Z=0.0005, and adopting from the relevant
literature the evolutionary values logL/L⊙=1.74±0.05 and
M=0.697±0.020M⊙ , we obtain MK=−0.570±0.046 mag.
Eventually, the predicted PLZK relation and evolutionary
constraints provide the following absolute K-magnitude for
RR Lyr:
MK = −0.541 ± 0.044 ± 0.029 = −0.541 ± 0.062 mag
where the final error ±0.062 mag includes the additional
uncertainty on the adopted metal content (Z from 0.0005 to
0.001).
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In conclusion, the predicted absolute K-band magni-
tude of RR Lyr is surprisingly similar to the HST-based
estimate (MK=−0.550±0.118 mag), and with a formal er-
ror that is a factor of two smaller than the one introduced
by the HST absolute parallax. With K=6.54±0.04 mag,
we find that the resulting true distance modulus of RR
Lyr is µ0=7.081±0.074 mag, yielding a ”pulsation” parallax
pipuls=3.835±0.131 mas which is very close to the trigono-
metric parallax measured by HST (piabs=3.82±0.20 mas)
and to the weighted average of HST, Hipparcos, and YPC5
measurements (piabs=3.87±0.19 mas).
The extinction correction only marginally affects
this result. With the already mentioned estimate <
AV >=0.07±0.03 mag provided by B02, the true distance
modulus and pulsation parallax derived in the absence of
reddening should be decreased by ∼ 0.01 mag and increased
by ∼ 0.01 mas, respectively. To be more conservative, we
should consider also the alternative values given by B02 (<
AV >=0.11±0.10 mag) and by F98 (E(B − V )=0.06±0.03
mag), adopting < AV >=0.12±0.10 mag as a safe estimate
of the extinction correction to RR Lyr. In such a case, the
true distance modulus is µ0=7.068±0.074 mag and the pul-
sation parallax is pipuls=3.858±0.131 mas. Once again, the
pulsational estimate is quite similar to direct trigonomet-
ric parallaxes and with a total formal error well below the
intrinsic uncertainty of the HST measurement.
3 FINAL REMARKS
It has been shown that the predicted PLZK relation for
fundamental RR Lyrae stars and current evolutionary con-
straints on the mass and luminosity of HB models supply
for RR Lyr itself a ”pulsation” parallax surprisingly close
to the HST measurement and to the weighted average of
HST, Hipparcos and YPC5 measurements, and with a bet-
ter (formal) accuracy (σpi/pi ∼ 3.5%). We would like to note
that without the uncertainty on the adopted metal content
(0.0005 ≤ Z ≤ 0.001), the error budget on the pulsation par-
allax would be smaller (σpi/pi ∼ 2%). Thus, if and when the
metallicity of RR Lyr will be firmly established, the intrin-
sic uncertainty on the pulsation parallax could be reduced
to roughly one third of current HST direct measurement (∼
5%).
Since the pulsation parallax is well within the error box
of the HST measurement, we can conclude that for not heav-
ily reddened RR Lyrae stars the theoretical PLZK relation
works at least as good as HST, almost unaffected by un-
certainty on the extinction correction. Also for heavily red-
dened variables, the pulsation approach could supply dis-
tance determinations as accurate as HST (∼ 5%), provided
that the extinction correction is known with sufficient accu-
racy (δAV ≤ ±0.8 mag). This means that the PLZK rela-
tion could be soundly adopted to estimate absolute distances
to RR Lyrae stars in Baade’s window as well as in highly
reddened regions of the Galactic bulge.
However, before claiming that the pulsation approach
yields distance estimates more precise than trigonometric
parallaxes, we need further direct parallax measurements
to exclude the possible occurrence of (small) systematic er-
rors in the adopted (complicated) theoretical scenario. In
the meanwhile, waiting also for future astrometric missions
such as SIM, and GAIA, the PLZK relation seems actually
the only viable means to get RR Lyrae distances in the Local
Group, as accurate as the quoted HST result for the nearby
variable RR Lyr.
Finally, we wish to mention that although the HST par-
allax estimate does supply the distance to RR Lyr with an
unprecedented accuracy, the resulting absolute visual mag-
nitude of this variable cannot firmly constrain the zero-
point of the MV -[Fe/H] relation for RR Lyrae stars, nor
discriminate among the deceptive discrepancies affecting
current theoretical predictions on HB evolutionary mod-
els, even if the interstellar extinction to RR Lyr is firmly
known. As a matter of fact, according to the HST paral-
lax (i.e., µ0=7.090±0.114 mag) and by adopting V=7.76
mag (F98) together with the new extinction correction <
AV >=0.07±0.03 mag measured by B02, one derives for RR
Lyr an absolute visual magnitudeMV=0.60±0.118 mag that
is still affected by a large uncertainty. On the other hand,
by adopting this extinction correction (i.e. K0=6.532±0.040
mag) and by taking at the face value the predicted near-
infrared absolute magnitude (MK=−0.541±0.062 mag), one
would derive µ0=7.073±0.074 mag and MV=0.617±0.079
mag. On this basis, one can foresee that the application
of the predicted PLZK relation to a large sample of well-
studied RR Lyrae stars that cover a wide metallicity range
and present accurate K-band light curves will provide sound
constraints on the slope of the MV -[Fe/H] relation, as well
as on the zero-point of the RR Lyrae distance scale if sys-
tematic errors can be excluded.
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